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[57] ABSTRACT 

The present invention provides a system for the retrieval, 
construction and manipulation of any kind of objects using 
Structured Query Language (SQL) over disparate relational 
storage systems on the Web. Uniform Resource Locators 
(URLs) are used by the present invention to locate objects 
corresponding to component relational databases on the Web 
and other Web objects. URLs locating relational schema 
components and other Web objects are stored as attribute 
values in tables. Object methods and operators on such Web 
objects are de?ned as part of user de?ned type de?nition for 
an attribute type in a table. Object request brokers apply 
such methods or operators on Web objects anyWhere on the 
Web. Since URLs can point to relational data store under a 
remote schema de?nition, a business application logic in the 
form of object package is executed after constructing proper 
sets of records by relational operations at the remote schema 
location. This leads to partitioning of a logical schema into 
many physical schema components With business objects. 
Also by this invention, parts of a Web object can be 
intelligently manipulated and access methods through index 
creation enable range access over Web objects. Additionally, 
this invention suggests possible internet security by autho 
riZations at component schema locations and by further 
maintaining processing logic for secured transmission over 
the internet. SQL queries create, retrieve and manipulate 
disparate Web objects With implicit or explicit calls to 
business application logic as object methods. This invention 
uniquely incorporates a cooperative method of preparation, 
execution and resolution of a SQL query manipulating 
uniform resource locators and object de?nitions at multiple 
locations on the Web. 

14 Claims, 11 Drawing Sheets 
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METHOD AND APPARATUS FOR STORING 
AND MANIPULATING OBJECTS IN A 
PLURALITY OF RELATIONAL DATA 

MANAGERS ON THE WEB 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to object management in relational 
database systems for storing and manipulating any kind of 
data on internet. With the advancement of internet and World 
Wide Web, a large number of different types of objects (text, 
?le, audio, video, image as Well as relational data) are being 
created everyday. One can look at internet as a huge database 
storing different types of data. Querying such a large data 
base from many different perspectives is a nontrivial task. 
Additionally, database transactions over the Web, internet 
commerce, security and distributed many tier application 
architecture are also posing demand for neW technology 
solutions. This invention relates to these speci?c technology 
needs. 

2. Description of the Prior Art 
Information technology is shifting toWards multi-tier 

solutions. In the last decade client/server computing para 
digm began With the idea of separating database manage 
ment from applications. The design of relational model Was 
primarily oriented toWards data independence from the 
application perspective, by putting the databases on a shared 
server. The referential integrity Was maintained in the data 
base server rather than in the application logic. The com 
munication mechanism involved SQL calls to travel from 
clients to server. HoWever, tWo-tier client/server model does 
not scale Well to support large numbers of users, high 
transaction volumes and unpredictable Workloads of internet 
applications. NeW application architecture is distributed and 
component oriented to adapt to rapid changes in business 
and technology. Emerging application architectures are 
multi-tiered, involving thin clients (for example, broWsers 
requiring no application installation or support), application 
servers to manage the business logic and data sources on 
various platforms. A component oriented architecture Will 
easily integrate legacy, current and emerging technologies. 
Seamless integration and communication among various 
components requires extensive infrastructure or middleWare 
architecture. This middle-tier is called various names: trans 
action server, application server, component server and 
business rule server. The basic abilities for this middle tier 
include scalability, adaptability, recoverability and manage 
ability. 
Web is the computing platform of the future as more 

platform independent applications being distributed over the 
Web. As Web evolves, there Will be more dynamic informa 
tion retrieval and electronic commerce Where the middle tier 
softWare should support high volume secure transactions. 
Internet communications are mainly based upon HTTP 
(Hypertext transport protocol), CGI (Common gateWay 
interface), IIOP (Internet inter ORB protocol) and JDBC 
(Java database connectivity). HTTP is the main communi 
cation mechanism among Web broWsers and servers. HTTP 
is a stateless protocol Which implies that there is no Way for 
the client and the server to knoW each other’s state. Database 
operations such as scrolling over result sets or updating 
tables needs maintenance of system and transaction state. 
Since Web is stateless, each transaction consumes time and 
resources in the setup and closing of netWork and database 
connections. For large online transaction processing 
applications, this overhead Will be signi?cant. CGI scripts 
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2 
are used to create neW HTML (Hypertext mark up language) 
pages for static data access from databases. This is also 
stateless. JDBC is an application programming interface 
(API) for Java. It provides synchronous communication 
mechanism to most relational databases though a common 
API. 

Internet inter ORB protocol (IIOP) is a dynamic invoca 
tion interface for the Web. hOP is the most promising 
protocol. This protocol maintains the session betWeen the 
client and the server objects until either side disconnects. It 
provides persistent connectivity over the Web for distributed 
objects. Common Object Request Broker Architecture 
(CORBA) speci?es the Object Request Broker (ORB) that 
alloWs applications to communicate With one another no 
matter Where they reside on the Web. The IIOP speci?cation 
de?nes a set of data formatting rules, called CDR (Common 
Data Representation) Which is tailored to the data types 
supported in the CORBA interface de?nition language 
(IDL). Using CDR data formatting rules, the hOP speci? 
cation de?nes a set of message types that support all of the 
ORB semantics de?ned in CORBA. hOP speci?cation 
requires that object request brokers send messages over 
TCP/IP connection, a standard connection oriented transport 
protocol. Moving from HTTP to IIOP Will be transparent to 
end users, except for the fact that With IIOP the applications 
Will become more sophisticated and have better perfor 
mance. As Web related CORBA standards are progressing, 
there is going to be standard URL formats for object 
references and requests. This provides less sophisticated 
users accesses to poWerful object oriented services through 
the Web. 

Uniform resource locators representing references to 
CORBA objects can be treated as complex values for 
abstract types. URLs are currently used to reference Web 
objects like text, image, sound etc. on the Web. URLs are 
frequently embedded in HTML pages Where a broWser can 
navigate through the resource locator to ?nd and manipulate 
Web objects. By extending the use of URLs to represent 
CORBA objects (more speci?cally CORBA business 
objects) and embedding such URLs as attribute values in 
tables or other hypertext documents Will make CORBA 
objects to behave like uniform Web entities like text, image, 
audio etc. A broWser can navigate through such an URL 
representing CORBA object and apply business logic to 
retrieve computed values after querying a relational database 
dynamically. This capability to store and manipulate distrib 
uted CORBA and Web objects represented in the form of 
URLs leads to interesting possibilities for databases and 
middle tier softWare. 

In middle tier application server, certain features are 
necessary. These common features are scalability, security, 
transaction management, concurrency and serialiZation, 
state management With persistence, exception/fault 
resolution, composite object creation With multiple 
components, object life cycle management including trans 
parent persistence, dynamic location of objects and referen 
tial integrity. These capabilities are also the essential ingre 
dients of a relational database server. Relational database 
management system deals With transactions, concurrency, 
recovery, fault tolerance, security etc. A relational database 
server provides almost all the necessary services and capa 
bilities necessary for an application server. There is potential 
possibility for de?ning abstract types With CORBA business 
objects located by URL references over the Web and then 
storing URL references in an object oriented relational 
database Which de?nes and maintains abstract attribute 
types. Universal relational databases supporting object de? 
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nitions are currently available as products. Such databases 
With proper modeling, extensions and modi?cations can 
address the needs for multi-tier transaction and application 
model for the Web. 
A database schema is the type description for the tables 

and attributes. Such a schema can be partitioned over the 
Web in such a Way that disparate business logic and business 
objects can exist With relevant data and relational vieWs over 
the Web. Unifying the object paradigm and relational model 
paradigm is the mainstream effort across the industry. Uni 
?ed model for distributed relational databases integrated 
With object model is the key to many storage and manipu 
lation issues for the Web objects. 

Universal relational database servers are available from 
different database vendors to offer general extensibility. One 
can extend types of attributes in tables and integrate routines 
de?ned by users Written in high level programming lan 
guages. A data type is a descriptor that is assigned to a 
variable or column indicating the type of data that it can 
hold. The data type system of Universal Server handles the 
interaction With the data types. To specify a data type, the 
universal server needs to determine the folloWing: (1) What 
layout or internal structure can the database server use to 

store the data type values on disk? (2) What are the opera 
tions (such as multiplication or string concatenation) appli 
cable to a speci?ed data type? (3) What are the correspond 
ing access methods, the database server should use for data 
types? An access method de?nes hoW to handle the folloW 
ing. (a) Storage and retrieval of a particular data type in a 
table (a primary access method), (b) Storage and retrieval of 
a particular data type in an index (a secondary access 
method). 

One such universal server available as a product offers the 
facilities of user de?ned routine. A user-de?ned routine 
(UDR) is a routine that a user creates and registers in the 
system catalog tables and that is invoked Within a SQL 
statement or another routine. A function is a routine that 
optionally accepts a set of arguments and returns a set of 
values. A function can be used in SQL expressions. A 
procedure is a routine that optionally accepts a set of 
arguments and does not return any values. A procedure 
cannot be used in SQL expressions because it does not return 
a value. An UDR can be either a function or a procedure. The 
ability to integrate user de?ned routines and functions is the 
extensibility feature offered by universal servers. 
A database schema in a universal server can contain 

clusters, database links, triggers, stored procedures, indexes, 
tables, vieWs, snapshot logs, packages, object types, object 
tables, object vieWs and other de?nitions. Schema objects or 
parts of schema objects can be local or remote. This means 
that it is possible in some universal servers to access objects 
or parts of objects from a schema other than the local schema 
oWned by the user. It should be noted that one must be 
granted privileges to refer to objects in other schemas. By 
default any object or part of object is referred to user’s oWn 
schema. The syntax for remote schema object reference is 
schema.object.part@dblink Where dblink quali?er alloWs 
the user to refer to an object in a database other than the local 
database. This speci?c syntax for remote database referenc 
ing is supported by a speci?c database manufacturer’s 
universal server distributed option. One can create a data 
base link With the CREATE DATABASE LINK command. 
The command alloWs one to specify the name of the 
database link, a connect string to access the remote database 
and a user name/passWord to connect to it. This information 
goes to the data dictionary. This facility for accessing 
schema and objects in remote databases is possible only 
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4 
Within the distributed frameWork offered by a speci?c data 
base vendor. User de?ned routines or functions cannot be 
applied to such remote schema objects. In another vendor’s 
universal database, virtual table interfaces are alloWed to 
extend the sources of data available to users by adding neW 
access methods. One type of access method is a gateWay 
used by the database server to access data stored inside a 
source that is external to the server. GateWays are intended 
to unify all existing heterogeneous data distributed through 
out an organiZation. One can access other vendor’s database 
tables, data stored in sequential ?les and remote data stored 
across a netWork. HoWever, these access methods are limited 
to tables only and it is not possible to send a query to such 
remote data sources. 

Data types as mentioned earlier are alWays de?ned for 
columns in a table in a universal relational schema. Types 
can be built-in or user de?ned. Internal or built-in data types 
can be VARCHAR (variable length character string having 
a maximum siZe bytes), CLOB (a character large object of 
maximum siZe limit containing single byte characters), 
BLOB (a binary large object With a maximum siZe), BFILE 
(pointer to large binary ?le stored outside the database) etc. 
Also for one of the vendor’s database product, internal large 
object (LOB) data types may be included in one of these 
categories and can store data such as text, image, video, 
spatial data, etc. Internal LOB columns contain LOB loca 
tors that can refer to out-of-line or inline LOB values. 
Selecting a LOB column value returns the LOB locator and 
not the entire LOB value. Different operations in the form of 
packages and functions are performed through these loca 
tors. Multiple LOB data type columns can be de?ned in a 
table and all possible SQL operations are possible over such 
tables and attributes. LOB locator can be stored in the table 
column, either With or Without the actual LOB value. BLOB 
and CLOB values are stored in separate table spaces and 
BFILE data is stored in an external ?le on the server. These 
type de?nitions are hoWever limiting LOB Within the data 
base server space and cannot go to different databases at 
different locations on the internet. The concept of LOB 
locator is therefore not generic for referencing any kind of 
Web objects at disparate locations. 

User de?ned types are also currently supported by differ 
ent universal servers from different vendors. User de?ned 
types use internal built-in types and other user de?ned data 
types as the building blocks of types that model the structure 
and behavior of data in applications. Usually commands like 
CREATE TYPE, CREATE ROW TYPE, CREATE 
OPAQUE TYPE etc., are used to create an object type, 
nested table type and other complex user de?ned types. 
These types can be associated With operations or methods in 
order to operate on the instances of those types. An object 
identi?er (OID) alloWs the corresponding object to be ref 
erenced from other objects or from relational tables all in the 
same server. Abuilt-in data type called REF represents such 
reference in one of the available universal servers. REF is a 
container for an object identi?er and points to an object. 
Content of REF can be replaced With a reference to a 
different object. A table can have top-level REF columns or 
can have REF attributes embedded Within an object column. 
In general, if a table has a REF column, each REF value in 
the column could reference a roW in a different table. The 
scope of such references is restricted. These object refer 
ences can be used to refer to vieW type (representing a 
query) or any other user de?ned types. These references are 
limited to the data and object spaces Within a server and 
cannot go to any object or any other database on the Web. 
As described above there is a clear need in the art for 

ef?cient relational database management systems to a) sup 
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port distributed object paradigm for business application 
logic and b) support heterogeneous data over the internet. 
There are further needs for universal framework for internet 
transactions, security, various access techniques and object 
support in SQL for manipulating legacy databases. 

SUMMARY OF THE INVENTION 

The present invention solves the aforementioned de?cien 
cies of the prior art and solves other problems that Will be 
understood and appreciated by those skilled in the art upon 
reading and understanding the present speci?cation. It is a 
primary objective of the present invention to provide a 
mechanism for representing and manipulating heteroge 
neous objects in relational databases over the internet. These 
objects include business application logic applied to results 
of queries from other relational databases or multimedia Web 
objects like text, audio, video etc. 

In one embodiment, Uniform Resource Locators are 
described to locate remote relational schema or other object 
de?nitions. Uniform Resource Locators are currently used 
over World Wide Web to reference any kind of object (text, 
image, audio, HTML pages etc.) anyWhere on the Web. On 
the other hand there are universal relational database servers 
using database links for remote distributed databases and 
object pointers (REF) to reference any kind of object Within 
the database server. This invention extends these prior arts 
by using Uniform Resource Locators (URLs) in relational 
databases to reference any kind of local or remote objects 
including other relational databases anyWhere on the Web. 
Operations and methods in the form of object packages for 
business application logic on the referred object can be 
de?ned using user de?ned types regardless of the location of 
the object implementation on the Web. 

In another embodiment, URLs are stored in table columns 
of relational databases as locators of Web objects and 
component relational schema With Java classes distributed 
over the net. Java classes encapsulate or package business 
logic to be applied on relational data or other multimedia 
data. Types de?ned by users to represent attributes in tables 
involve packaged object de?nitions to encapsulate methods 
or operations. These operations are applied through Object 
Request Brokers. In this invention, internal transaction man 
agement services in relational database systems provide Web 
transactional services applying business logic over any kind 
of data on the Web. A uniform paradigm for multi-tier 
client/server Without a middle tier application server is 
presented. 

In another embodiment, comparison operators are de?n 
able to compare text, image and other Web objects for 
equality, similarity, containment etc. and an index can be 
created using such operators for range access over hetero 
geneous Web objects. It is also possible to manipulate parts 
of an object intelligently. Additionally, Java applets can be 
doWnloaded for decomposing one Web object into many 
parts for secured transmission over the internet and then 
storing in a database. 

In yet another embodiment, SQL queries uniformly 
manipulate disparate relational data and other complex Web 
objects. So far SQL queries are limited to a speci?c rela 
tional database With a speci?c data dictionary (often called 
the meta data repository). Present invention uses URLs as 
locators for remote database objects and SQL queries uni 
formly manipulate local and/or remote database table, 
attributes and objects. A different paradigm for SQL query 
execution over multiple relational databases on the Web is 
presented. In this proposed paradigm, the distinction 
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betWeen an application and a server is no longer present. A 
SQL query undergoes preparation phases Where embedded 
object implementations are initialiZed. Components of the 
SQL query are extracted during this phase for sending to 
remote databases pointed to by URLs for further prepara 
tions. This preparation and initialiZation phase at multiple 
sites completes before the actual collaborative multi-level 
execution takes place. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram shoWing the different stages in 
multi-tier client/server architecture in accordance With the 
invention. 

FIG. 2 is a relational database containing tables With 
foreign key relationship and user de?ned type de?nitions as 
focused in the invention. 

FIG. 3 shoWs relational database schema de?nition With 
tables and business logic package description in accordance 
With the invention. 

FIG. 4 shoWs tWo relational database schema de?nitions 
With business logic and uniform resource locator links in 
accordance With the invention. 

FIG. 5 shoWs tWo relational database schema de?nitions 
for further understanding of the concept shoWn in FIG. 4. 

FIG. 6 is a block diagram of distributed computing With 
component relational databases over the internet in accor 
dance With the invention. 

FIG. 7 shoWs a relational database schema With user 
de?ned type containing constructor logic for any Web object 
in accordance With the invention. 

FIG. 8 shoWs a simple relational database schema With 
processing logic for decomposing any Web object and then 
constructing it back at the server as discussed in the inven 
tion for internet security. 

FIG. 9 is a simple relational database schema With user 
de?ned attribute type and an index built on the attribute type 
in accordance With the invention. 

FIG. 10 is a block diagram to shoW a logical schema being 
partitioned into many relational database schema over the 
internet and a single query made over the logical schema as 
elaborated in the invention. 

FIG. 11 is a block diagram to shoW a single SQL query 
made over a set of relational database schema in disparate 
locations along With legacy databases and existing central 
databases in accordance With the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The present invention Will be explained in detail by Way 
of a preferred embodiment thereof in conjunction With 
accompanying draWings hereWith. Referring ?rst to FIG. 1, 
there is shoWn multi-tier client/server architecture. 

First tier in this architecture is a broWser on the client site. 
A thin client needs very little softWare on the client com 
puter. Any command or request for a service goes to Web 
server for internet services shoWn here. Internet services are 
usually dealing With HTTP (hypertext transport protocol) to 
communicate With various Web sites. Web servers talk to 
application servers Where business speci?c application logic 
is maintained. A fat client talks directly to an application 
server. Request to application servers is made through 
Common Object Request Broker Architecture (CORBA) 
compliant services. Object request brokers (ORB) create a 
persistent link betWeen client Web server and application 
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server for servicing object requests. Application server is 
usually the middle tier and databases are maintained in the 
third tier. Application server talks through CORBA services 
to communicate With third tier databases for executing SQL 
queries as shoWn in FIG. 1. Recent development of universal 
servers enhances the capability of relational database servers 
by putting application business logic inside the relational 
database server and thereby eliminating the middle tier. This 
invention is based on a similar notion. 

Aschema in a typical universal server is shoWn in FIG. 2 

Where tWo tables are de?ned as R (A, B) and S (C, D, Table S inherits the primary key B from R as foreign key in 

attribute D. Attribute E of table S is a non-simple type 
de?ned by the user. These user de?ned types are usually 
associated With an object or package containing method and 
operator de?nitions. Example of such an user de?ned type in 
one of the available universal servers is given beloW. 

CREATE TYPE OrderType AS OBJECT 
( OrderId number, 

LineItems LineItemSetType, 
MEMBER FUNCTION TotalValue( ) 

RETURNS number, 
MAP FUNCTION MapOrder( ) 

RETURNS number ) ; 

In the above de?nition, functions TotalValueU and 
MapOrderU are operations de?ned on data of the type 
OrderType. One can de?ne a table using the type as shoWn 
beloW. 

CREATE TABLE PurchaseOrder 
( POnumber number, 

POrder OrderType ); 

SQL query over the table PurchaseOrder may look like 
the folloWing example. 

SELET P.POrder.TotalValue( ) 
FROM PurchaseOrder P; 

Syntax for creating user de?ned type With methods and 
operators varies from product to product. In another univer 
sal server the syntax is as folloWing. 

CREATE ROW TYPE Claim 
( ClaimiSeq INTEGER, 

ClaimiId UseriTypeiCid ); 
CREATE OPAQUE TYPE UseriTypeiCid 
( INTERNALLENGTH = VARIABLE, 

MAXLEN = 80 ); 
CREATE FUNCTION lessthan 

(UseriTypeiCid, UseriTypeiCid) 
RETURNS boolean 
EXTERNAL NAME 
‘btree.so (UseriTypeiCidilessthan)’ 
LANGUAGE C NOT VARIANT ; 

CREATE FUNCTION equal 
(UseriTypeiCid, UseriTypeCid) 
RETURNS boolean 
EXTERNAL NAME 
‘btree.so (UseriTypeiCidiequaD’ 
LANGUAGE C NOT VARIANT ; 

There are many such method and operator de?nitions in 
the form of functions over the type. The second syntax 
described above encodes a function name, parameters to the 
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8 
function, return type for the function, external location and 
external name for the function etc. External name/location 
speci?es the softWare object containing the function imple 
mentation. 

This invention uses Java language to implement such user 
de?ned packages With methods and operators. Java is a 
popular object oriented language de?ning classes, 
inheritance, methods, constructors and operators. This 
invention speci?es in a ‘CREATE type’ de?nition, the name 
for a Java class Which implements a set of functions as 
methods and operators for that type. A general type de?ni 
tion for attribute E in FIG. 2 is shoWn beloW. 

CREATE TYPE LargeImage As LI.class 
( ImageiRef LOBilocator; 

Image TypeOfImage, 
FUNCTION Fnamel (Image) 

RETURNS number, 
FUNCTION FnameZ (Image, Image) 

RETURNS number, 
FUNCTION Fname3 (Image, Image ) 

RETURNS number, 
- ); 

In the above de?nition LI.class is the Java class imple 
menting the instance variables and method interfaces 
de?ned in the LargeImage type de?nition. The variables 
de?ned in CREATE type de?nition are implemented in 
terms of Java instance variables in LI.class. Implicit con 
versions from Java language variable de?nitions and rela 
tional database de?nitions are provided in the implementa 
tion. The large image object can be manipulated, retrieved, 
updated and compared using the functions de?ned in the 
type de?nition and implemented in Java class. The Imagei 
Ref variable has a type of LOBilocator de?ned as a large 
object locator. In this invention, such locators are URLs 
(uniform resource locators) pointing to local or remote Web 
objects on the internet. 

Uniform Resource Locator (URL) can be thought of as a 
netWorked extension of the standard ?lename concept Where 
one can point to a ?le name in a directory on any machine 
on the internet. URLs point to queries, documents stored 
deep Within databases etc. An example ?le URL in a typical 
FTP server is shoWn beloW. 

?le: //ftp.servername.com/?les/name.txt 
URLs pointing to Usenet neWsgroup (say, 

“rec.gardening”) is shoWn beloW. 
NeWs://neWs.servername.com/rec.gardening 
A ?le called “foo.html” on HTTP (HyperText Transport 

Protocol) server in directory “/?les” corresponds to this 
URL. 

http://WWW.servername.com/?les/foo.html 
This invention uses the notion of URL to point to a 

database schema on the internet and a table (Which may also 
be a virtual table or a vieW) belonging to that schema. Syntax 
for such URL is shoWn beloW. 

Rdms://WWW.servername.com/SchemaName 
This URL signi?es a relational database management 

system on the World Wide Web at the speci?ed server. 
SchemaName is the name of the schema created and main 
tained under the database on the server. FolloWing the 
SchemaName in the URL, one can add a table or a vieW 
name or a query to retrieve or update data. 

This invention extends the possibility of de?ning a vieW 
type. A vieW type in this invention is de?ned as shoWn 
beloW. 



6,012,067 

CREATE VIEW vieWiname 
OF TYPE viewinameit 

SELECT name1, name2 
FROM tableinamel t1, tableiname2 t2 
WHERE t1.col1 = t2.col2 

AND t1.name1 > 100 ; 

A vieW type de?nition thus encapsulates a query in the 
form of a type that is usable in another package as shown 
below. 

CREATE TYPE Appiname As APP.class 
( Traniid number, 

Qitype viewinameit, 
FUNCTION Fname1 (Qitype) 

RETURNS number, 
FUNCTION Fname2 (Qitype, Qitype) 

RETURNS number, 
FUNCTION Fname3 (Qitype, Qitype) 

RETURNS number, 

In this package de?nition, parameters to methods and 
operators in the form of functions are of the vieW type. A 
vieW results in a set of records after materialiZation (query 
execution). This record set is then used to ?nd neW values 
and results by applying the functions de?ned in the package. 
This Way, We may have several packages using vieW types 
in local and remote locations. A remote vieW type existing 
in a schema at a remote location on the net may be pointed 
to by an URL. 

FIG. 3 shoWs a diagram for a relational database schema 
Which contains three tables R(A, B), S(C, D, E) and T(F, G, 
H, I) Where attribute D in table S is a foreign key inherited 
from table R referencing primary key B in R and attribute G 
in table T is a foreign key inherited from table S referencing 
primary key C in table S. A query over these three tables 
involves relational operations constructing different types of 
record sets. An application program Written for a speci?c 
business is a processing logic or business logic over such 
record sets constructed by relational queries. Certain busi 
ness logic can embed another business logic over a subset of 
records constructed by queries. In FIG. 3, business logic (1) 
is applied to a result of join operation over tables S and T. 
Business logic (2) is applied over a join of all three tables 
along With nested application of business logic 

FIG. 4 shoWs a partitioning of the schema in FIG. 3. 
Schema 1 and Schema 2 are tWo separate de?nitions based 
on the business logic to apply on constructed record sets. 
Schema 1 contains tWo tables R(A, B) and R‘(P, Q). R(A, B) 
is the same table R in FIG. 3. R‘(P, Q) is a neW table Where 
P is a foreign key inherited from table R referencing its 
primary key B and Q is URL of records in table S in Schema 
2. Table S(C, D, E) in FIG. 3 is partitioned into tWo tables 
R‘(P, Q) and S(C, E) and placed in Schema 1 and 2 
respectively in FIG. 4. Attribute Q in table R‘ acts as the 
URL for the primary key attribute C of table S(C, E) in 
schema 2. Separation of schema 1 and schema 2 distributes 
the application program component executions. The busi 
ness logic (2) in schema 1 is applied in steps, ?rst on a join 
over tables R and R‘ to do partial computation and to get the 
URLs in attribute Q. Then these URLs are sent to schema 2 
to select the records corresponding to the primary key in 
table S folloWed by a join With table T. After that business 
logic (1) is applied over the resulting record set and the 
result is sent back to schema 1 for completion of processing 
of business logic A single schema in FIG. 3 needs both 
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10 
business logic (1) and (2) to be maintained and executed at 
the same location on the net. FIG. 4 shoWs hoW a distributed 
execution model can evolve by partitioning the schema. 
Such a distributed computing environment is a fundamental 
requirement for a multi-tier client/server model over the 
internet. 

FIG. 5 shoWs hoW CORBA (Common Object Request 
Broker Architecture) and schema partitioning can seam 
lessly integrate. Object request brokers communicate With 
each other using IIOP (Internet Inter ORB Protocol) estab 
lishing persistent connectivity over program components 
manipulating data in schema 1 and schema 2 at tWo different 
locations on the net. Table R‘ in schema 1 can be seen as a 
vieW cache. AvieW cache is a relation (often binary) like an 
index to maintain join information over tWo or more tables. 
In schema 1, table R‘ maintains the foreign key/primary key 
relationship in a join over tables R and S (S being in schema 
2). This special table R‘ maintains the referential integrity 
over tables in schema 1 and schema 2. This invention 
incorporates information exchange over the internet for 
maintaining such referential integrity. Whenever update, 
insert or delete operations take place over table S in schema 
2, a log of all such operations corresponding to the primary 
key C Will be sent to schema 1 for updating table R‘. These 
exchanges may be implicitly done by special service pack 
ages using object request brokers. This invention of the 
disparate model thus needs to locally maintain the depen 
dency information across various schema components over 
the Web for proper consistency. 

FIG. 6 is a block diagram shoWing a multi-tier model 
described in this invention. Unlike the knoWn three tier 
model, this invented model has no middle tier for business 
or application logic. Business logic or application programs 
along With relational data management system together act 
as a tier. The client site Will consist of a thin or a fat client 
With ORB request carrying queries as Well as URLs for 
locating and manipulating remote schema and program 
objects. This is the ?rst tier. The requirements for a separate 
application server to maintain message queues, process logic 
and reliable infrastructure is completely eliminated in this 
invention. A relational database management system in the 
second tier is able to implement transaction processing, 
concurrency, recovery and other properties necessary for a 
safe, reliable execution paradigm for component application 
logic Without requiring a separate tier. 

To further illustrate the scope of the invention, FIG. 7 
shoWs a schema With tWo tables R(A, B) and S(C, D, E) 
Where attribute E in table S is an user de?ned type With a 
package de?nition implemented in Java. Attribute E, 
hoWever, points to different components in the same Web 
object, for example an HTML page. Processing logic in the 
form of a package is de?ned to operate over a join of table 
R and table S to construct the Web object back and apply 
further manipulations over the object. For example, HTML 
pages consist of text, image, audio, video etc. Each such 
element can be separately located and manipulated. Auto 
matic adjustment over the font siZes, readjustment of loca 
tions of text, image components and many other intelligent 
processing over Web objects are possible in this invention by 
implicitly maintaining rules, triggers or stored procedures in 
a relational database management system Which is not 
possible otherWise. 

FIG. 8 shoWs possible intelligent processing of Web 
objects for secured exchange of information. Electronic 
transaction and commerce on the internet are the current 
exploding activities. To avoid third party interceptions into 
some information strictly restricted for sender and receiver 
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on the Web, a generic Way is to decompose the Web object 
into several parts and then to send these scrambled parts over 
the net. At the receiver side these components are assembled 
back to form the original object. FIG. 8 explains hoW the 
issue of internet security is maintained by this invention. It 
shoWs a relational database schema With tWo tables R(A, B) 
and S(C, D, E) Where attribute E is an user de?ned type 
representing various components of a Web object. Here a 
Java applet (a small Java program) is maintained as a 
package and is doWnloaded by the sender before transmit 
ting a Web object. This Java applet decomposes this object 
into many pieces before sending it to the receiver. These 
components or pieces are received and stored as values of 
attribute E in table S. A processing logic in the form of a 
package de?ned in the relational database schema at the 
receiver site reassembles the object by a join over the tables 
R and S. A record in table R identi?es a stored Web object 
and joins With the components stored in table S. In addition, 
this invention provides an extended security structure. By 
maintaining several schema partitions over disparate loca 
tions on the internet, it enforces variant authoriZation and 
privileges for each of these schema components. By doing 
so it is possible to enforce very complex security schemes 
over the internet Which is not possible in a single schema at 
a centraliZed database. 

FIG. 9 shoWs a simple schema With a table T(A, B) Where 
attribute B is an user de?ned type. A package With various 
methods and operators are de?ned for user de?ned type. 
Operators are functions to compare tWo items and return true 
or false values. Example of operator functions are ‘less 
than’, ‘greater than’, ‘equal’ etc. By using these operators, it 
is possible to build an index over the items in attribute B. 
Such user de?ned index creations and manipulations are 
possible in available universal database servers. As this 
invention considers creation and manipulation of such user 
de?ned index over user de?ned types, values in attribute B 
are Uniform Resource Locators to locate Web objects on the 
internet. Operators can then be de?ned to compare such Web 
objects located anyWhere on the internet. An index created 
over such Web objects Will enable users to perform sorting, 
searching and various range accesses over remote or local 
Web objects, not possible otherWise. 

In this invention, a logical relational database schema is 
partitioned over many component schema. One logical 
schema distributes over many physical schema over the net. 
ASQL (Structured Query Language) query can be triggered 
against the logical schema Without Worrying about the 
physical distribution of the components. FIG. 10 shoWs a 
block diagram of a single logical relational database schema 
With business logic. It is partitioned over schema 1, schema 
2 etc. As mentioned earlier, each such component schema 
consists of packages implementing relevant portion of the 
business logic for the data stored in that component data 
base. Component schema and packages talk to each other 
through object request brokers. A query With table names, 
attribute names, method names from various component 
schema is resolved by successive preparations and collabo 
rative executions at different sites over the internet. In 
practice, SQL query is resolved by ?rst parsing and then 
executing relational operations over the data stored in tables. 
Parsing phase consists of recogniZing table, attribute and 
package de?nitions stored in the data dictionary. This infor 
mation stored in data dictionary is often called the meta data. 
This invention incorporates a preparation phase and an 
execution phase for each query. During the preparation 
phase, a query is parsed at each location to ?nd Whether the 
meta data stored here is sufficient to fully resolve the query. 
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If not, then the unresolved portion is sent to the appropriate 
remote site. This phase includes loading of packages for user 
de?ned types along With necessary initialiZations. The sec 
ond phase is the phase of execution Where queries are 
executed, joins are performed and business logic is applied. 
Application of speci?c business logic may not be complete 
unless another embedded program ?nishes execution and 
sends the result back from another site. This results in 
collaborative executions across various sites. A preparation 
phase folloWed by an execution phase for SQL queries over 
disparate schema components presented in this invention is 
unique and not present in current relational database prod 
ucts. 

FIG. 11 shoWs a block diagram of relational databases 
With business logic at disparate locations along With legacy 
databases and other existing databases. This diagram clari 
?es the connectivity of legacy and other existing databases 
to collaborate With other schema components With business 
logic. Just like any other schema components, portions of an 
SQL query is sent to legacy data sources for execution. Since 
legacy or existing data sources do not support business logic 
inside schema de?nitions, portions of queries sent to such 
data sources do not involve user de?ned types and package 
de?nitions. Since object request brokers provide the persis 
tent connectivity among various sites, it is possible to access 
and manipulate legacy and other existing data across differ 
ent locations, While maintaining business logic in another 
remote component schema. This invention thus makes exist 
ing and legacy relational data to be vieWed, extended and 
accessed through an object paradigm in SQL Without any 
reorganiZation or replacement by current universal relational 
databases. 

I claim: 
1. In a netWork of computers over the internet, a multi-tier 

client/server system comprising of: 
A) Clients With broWsers capable of triggering queries 

Written in Structured Query Language (SQL) Where 
these clients are connected to object request brokers in 
a Common Object Request Broker Architecture so as to 
make persistent communications With other object 
request brokers existing With relational database serv 
ers at multiple locations on the internet; 

B) Relational database servers With schema and business 
application logic de?ned in the form of object packages 
comprising: 
a) An user de?ned type creation for an attribute in a 

table Where the type de?nition consists of variable 
de?nitions along With interface de?nitions for meth 
ods and operators on these variables; 

b) An user de?ned type creation for an attribute in a 
table Where the type de?nition consists of a variable 
that points to a local or remote object on the internet; 

c) An user de?ned type creation for an attribute in a 
table Where uniform Resource Locators (URLs) are 
used as values to locate any object on the Web 
including relational databases; 

d) An user de?ned type creation for an attribute in a 
table Where the type de?nition consists of a variable 
that can locate a vieW de?nition or any object in a 
local or remote relational database; 

e) Method and operator interfaces de?ned in user 
de?ned types implemented in Java classes, 

C) Executions of application logic in object packages on 
local or remote Web objects performed by Object 
Request Broker services in Common Object Request 
Broker Architecture (CORBA). 

2. A multi-tier client/server system de?ned in claim 1 
Wherein said client generates Structured Query Language 
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(SQL) queries With embedded business application logic and 
such said client queries travel directly to said relational 
database servers Without requiring a middle tier of applica 
tion servers. 

3. Asystem as de?ned in claim 1 Wherein said clients and 
said relational database servers communicate through 
Object Request Brokers and Internet Inter ORB Protocols 
(IIOP) and Wherein said relational database servers further 
communicate among themselves through IIOP using Uni 
form Resource Locators (UTRLs) for locating component 
schema and objects. 

4. In a netWork of computers over the internet, multi-tier 
client/server system incorporating distributed business 
application logic With relational data at disparate locations 
comprising of: 
A) A logical schema for relational databases With tables, 

foreign key/primary key relationships, attributes With 
user de?ned types, business application logic in object 
packages; 
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B) Many instances of component physical schema for 20 
relational databases distributed over disparate locations 
Where these distributed schema instances are derived 
from one logical schema; 

C) A component physical schema With de?nitions of 
tables, foreign key/primary key relationships, user 
de?ned types With object packages and local or remote 
object locators consisting of: 
a) Uniform Resource Locators (URLs) used for locat 

ing remote schema or Web objects; 
b) Relations as vieW caches to maintain relationships 

over foreign keys inherited from a table in the local 
component schema and primary keys of a table in a 
remote schema located by URLs; 

c) Relations as vieW caches to enforce referential 
integrity across component relational databases over 
the intemet; 

d) Business logic in the form of object packages 
implemented in Java classes to incorporate process 
ing logic over a join or other relational operations 
performed in a local component schema; 

e) VieW cache tables maintaining an attribute Which is 
an user de?ned type With an associated object pack 
age implemented as Java class at a remote schema 
location and URLs as attribute values for locating 
primary keys in that remote schema; 

D) A multiple table join in a single logical schema 
performed as multiple partial joins at disparate com 
ponent schema With persistent communications 
through Object Request Brokers maintained at each 
schema locations; 

E) Many levels of business logic applications on a com 
plex join in a logical schema executed as cooperative 
processing of distributed business logic on partial joins 
in component schema at disparate locations communi 
cating through Object Request Brokers. 

5. A system as de?ned in claim 2 Wherein said vieW cache 
carrying URLs further extends capabilities for locating any 
Web objects or components of Web objects and said object 
packages apply processing logic for constructing and 
manipulating these Web objects. 

6. Asystem as de?ned in claim 5 Wherein said processing 
logic includes further intelligent capabilities of realigning 
and/or resiZing component Web objects, for example font 
siZe in text component, realignment of image component in 
HTML pages by using triggers, rules and stored procedures 
in relational databases. 

7. Asystem as de?ned in claim 5 Wherein processing logic 
in object packages further comprises means of enforcing 
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security over Web object transmission on the internet for 
electronic commerce and other applications by the steps 
including: 
A) Maintaining a Java class to decompose and apply other 

security speci?c processing logic on Web objects such 
that this Java class can be doWnloaded implicitly to a 
sender location; 

B) Maintaining an object package in the form of Java 
class at the receiver location With database server to 
apply processing logic for constructing and manipulat 
ing components of Web object such that an inverse of 
decomposition can be applied; 

C) DoWnloading Java class from client locations implic 
itly to decompose Web objects and/or encrypt decom 
posed components before transmission over the inter 
net so as to enforce security; 

D) Receiving and storing Web object components as 
values of an attribute in a vieW cache maintained in the 
server; 

E) Applying processing logic after construction by rela 
tional operations over all the components stored. 

8. A system as de?ned in claim 7 Wherein said security 
over internet transactions further comprises means of adopt 
ing different privileges and access authoriZations for users to 
retrieve and manipulate data stored at various component 
schema locations over the internet. 

9. A system as de?ned in claim 5 Wherein said vieW cache 
table With URLs locating Web objects over the internet and 
said object package de?nition for methods and operators 
over such said Web objects further comprises means of 
building an user de?ned index using operators over such 
Web objects. 

10. A system as de?ned in claim 9 Wherein said index 
creation over Web objects comprises means of making range 
accesses and other predicate based accesses. 

11. A system as de?ned in claim 2 Wherein said logical 
schema partitioned into said physical schema components 
comprises means of making and executing single SQL 
(Structured Query Language) query against the said logical 
schema irrespective of locations and distribution of physical 
schema components by the steps including: 
A) Keeping non-detailed meta data (information about 

relational data) for the logical schema at each compo 
nent physical schema locations so that locations of 
other component schema are available for all tables, 
types and packages used in a query; 

B) Parsing a Structured Query Language (SQL) query at 
a physical component schema location to resolve de? 
nitions for tables, types and packages Whatever is 
locally available and extracting portion of the query for 
sending it to other locations for preparation Wherever 
the relevant meta data is available; 

C) Preparing fully a SQL query at multiple sites by 
successively parsing With locally available meta data 
and initialiZing any object packages used in attribute 
de?nitions in tables at each component schema loca 
tion; 

D) Beginning execution only after complete preparations 
at all involved locations; 

E) Performing relational operations and executing appli 
cation logic at each component schema location by 
collaborations through Object Request Brokers; 

F) Completing any business logic execution at a location 
by successive completion of other executions at other 
locations When there are dependencies and nested 
applications. 

12. A system as de?ned in claim 11 Wherein said prepa 
ration phase and said execution phase of an SQL query 
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further comprises means of including internet locations With 
centralized legacy databases and other existing data stores. 

13. A system as de?ned in claim 12 Wherein said legacy 
databases and said eXisting centraliZed data stores carrying 
no object packages for business logic further comprises 
means of supporting SQL queries with embedded business 
logic against such legacy databases by de?ning object 
packages in other component scherna locations. 
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14. A system as de?ned in claim 12 Wherein said SQL 

queries with embedded business logic over said legacy 
databases and said centraliZed eXisting databases further 
comprises means of achieving extensibility and object ori 
entation in relational data and SQL Without any reorganiZa 
tion and replacement of existing systems. 

* * * * * 


